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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background 
Salinity intrusion is a natural phenomenon in estuary due to the tidal effect. 
During high tide, the sea water intrudes further into the river system causing the estuary 
to become brackish. Salt water intrusion is most crucial when the highest tide (spring 
tide) occurs in conjunction with the extreme dry season. This is because during the dry 
season, the amount of rainfall is less leading to low fresh water discharge into the 
estuary. Thus, it allows the tidal to carry the salt water further inland. Although the tide 
variation is peculiar to the location of the river itself, factors like river deepening, 
widening of river mouth and reduction of freshwater flow due to water abstraction also 
substantially increase the saline intrusion length towards the upstream of the river 
(SMHB,2000). 
For the management of estuarine water resources, it is essential for water 
manager to determine the salt intrusion length and longitudinal salinity distribution in 
the estuary of interest especially when water intake station is to be built. This is to avoid 
salt water being extracted for water supply purposes. Hence, salt intrusion modelling 
tool is required to carry out the salinity study. 
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Figure 1.1 Salinity Intrusion in a River  
Source: Solinst (1997). 
There are several salt intrusion model available nowadays ranging from one-
dimensional (1-D) to three-dimensional (3-D) model. These models have been widely 
applied in simulating salinity distribution in estuaries worldwide. In cases where highly 
accuracy on the modeling is required, 2-D and 3-D are preferable, but for moderate 
accuracy, 1-D analytical solution is sufficient. The benefits of using a 1-D model 
compared to 2-D and 3-D model are its simplicity as it only requires directly 
measurable parameters such as geometry, fresh water flow and tide, and most 
importantly it is much cheaper (Savenije, 1993). Besides that, the minimum 
requirement of data allows the model to be used in situation where data is poor or 
ungauged. 
 
Savenije (2005) has developed a 1-D salt intrusion analytical model that only 
requires spreadsheets to perform computation. This model has been widely tested in 
many estuaries in countries such as Netherlands, Korea, China, Mozambique, Japan and 
Malaysia for its reliability and performance. In Malaysia, Gisen et al. (2015) used the 
one dimensional analytical solution to investigate saline water distribution in several 
estuaries namely Kurau, Perak, Bernam, Selangor, Muar, Linggi and Endau Estuary. 
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1.2 Problem Statement 
In general, saline intrusion into the upper reach of river has caused problems 
especially for water intake activity. According to the WHO International Standards for 
Drinking Water, the maximum acceptable content of chloride ion in water is 200mg/L if 
the water intake is for the purpose of human consumption. The concentration of saline 
in the water has become one of a major concern in Malaysia. In some water intake 
stations, the concentration of the chloride ion in the water is more than the acceptable 
value, which is not recommended for consumption unless proper treatment is being 
applied to the water. Recently, the water intake for human consumption in Kuantan has 
been reported to be salty. This means that the salt intrusion has reached the water intake 
station at Kampung Kobat, Kuantan river due to extreme low fresh water discharge as a 
result of El-Nino phenomenon. In this case, salt intrusion investigation is vital to 
determine the salinity level of the estuary so that the preventive measures can be taken 
if the observed salinity level in an estuary is near to the optimum level. Belat River is 
one of the major tributaries in the Kuantan River Basin. It is located at about 17 km 
from the Kuantan River mouth and is affected by tidal movement which subsequently 
lead to salt intrusion in the river. Since Belat Basin is the largest sub-catchment in the 
Kuantan River Basin, it may become a potential water intake source for increasing 
water demand in the area. Hence, it is essential to conduct saline intrusion study in the 
Belat Estuary to identify suitable area for potential water intake. This is to make sure 
that residents around the Belat Estuary will have healthy and adequate water for 
consumption.  
 
1.3  Research Objectives 
The objectives of this research study are stated as follows: 
1) To investigate the salt intrusion in Belat River Estuary during spring tide. 
2) To determine the applicability of the one-Dimensional analytical solution for 
salt intrusion investigation in Belat River Estuary. 
3)  To calibrate the van der Burgh coefficient, K to fit the simulated salinity curve 
and the observed salinity data. 
